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The application of technology related to the exploration of space, the
Moon, and the planets of the solar systems has resulted in increased sophis-
tication for components and systems related to space flight hardware. This

sophistication has brought with it many new requirements, one of which is the
demand for new standards of cleanliness for the fabrication, testing, and launch

environment of spacecraft. The policy for the United States space effort is

directed toward preventing widespread or excessive biological contamination
during exploration of the Moon and assure with a certainty of 0.999 that viable
terrestrial organisms will not be transported to other planets until sufficient
information has been obtained to insure that biological studies will not be

jeopardized and that no hazard to Earth exists. Facilities providing the en-
vironmental control necessary for this degree of cleanliness are known as
bioclean rooms, bioclean work stations, aerosol particulate controlled facili-
ties, and microbially controlled facilities. Thus, a bioclean room or bioclean
work station may be: "A space in which airborne contamination, temperature,
humidity, and microbial flora are controlled to a far greater degree than for
conventional air conditioned areas."

The issuance of Federal Standard Z09a on August 10, 1966, provided the
basic document for standard classes of environmental air control within dean

rooms and clean work stations; however, control of microbial flora was con-

sidered a special environmental conditionfor which a separate standard should
be developed by the agency concerned with this problem. In recognition of this
need for standardization Of the definitions and degrees of biological environ-

...... : mental control, the National Aeronautics and Space Administrationhas issued
._.: - this document. This issuance augments the Design Criteria and Construction

-_ :-i.. Standards (NPC 325-1) with respect to the design and construction of clean

. _ .r, -

rooms and work stations for the microbially controlled environment.

Homer F. Neweil
Associate Administrator for

Space Science and Applications
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SCOPE

SCOPE. This document estab-

lishes standard classes of air

conditions within clean rooms

and clean work stations for the

microbially controlled environ-

ment.

OBJECTIVE. The objective of

this standard is to prescribe

air cleanliness classes and cer-

tain other conditions required

to achieve and maintain the de-

gree of microbial cleanliness

specified for the spacecraft and

its components from manufac-

ture through launch.

2. REFERENCED DOCUMENTS

2.I NONGOVERNMENTAL. T h e

following documents, of the
issues in effect on the date of

invitation for bids, form a part

of this standard to the extent

specified herein.

AMERICAN SOCIETY F O R

TESTING AND M_ATERIALS:

ASTM FZ5-63T--T entative

Method For Sizing and Count-

ing Airborne Particulate
Contamination in C i e a n

Rooms and Other Dust Con-

trolled Areas Designed For

Electronic And Aerospace

Work

ASTM F50-65T--T entative

Method Of Test For Contin-

uous Counting And Sizing Of

Airborne Particles _By The

Light Scattering Principle

Designed for Electronic and

Similar Applications.

(Requests for copies should be

_ubmitted to the American Society

for Testing and Materials, 1916

Race Street, Philadelphia, Pennsyl-

vania 19103.)

SOCIETY OF AUTOMOTIVE

ENGINEERS, INCORPORATED:

SAE-ARP-743- -Procedure For

The Determination Of Pag-

ticulate Contamination Of Air

In Dust Controlled Spaces

By the Particle Count Method.

(Requests for copies should be

submitted to the Society of Automo-

tive Engineers, Incorporated, 485

Lexington Avenue, New York, New

York 10017.)

Z.Z GOVERNMENTAL. The follow-

ing documents of the issues in
effect on the date of invitation

for bids, form a part of this

standard to the extent specified

herein.

NPD 8020.7- -Certification of

the Biological Loading On

Outbound Spacecraft

NPD 80Z0.8--Outbound Lunar

Biological Contamination

Control; Policy and Respon-

sibility
NHB 5340.1--Standard Proce-

dures For The Microbiologi-

cal Examination of Space

Hardware

(Requests for copies should be

submitted to the National Aeronau-

tics and Space Administration (At-

tention: Code DHA- 1I), Washing-

ton, D.C. 20546.)

DE FINITIONS

BIOCLEAN ROOM. A bioclean

room is any enclosed area

where there is control over

viable and non-viable particu-

lates in air with temperature,

humidity, and pressure control

as required to maintain speci-

fied standards for the manufac-

tured product.
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3,2 Standards for Clean Rooms & Work Stations

3.2 BIOCLEAN WORK STATION. A

bioclean work station is a work

bench or similar working en-

closure characterized byhaving

its own filtered air or gas sup-

ply where there is control over

viable and non-viable particu-

lates in air with temperature,

humidity, and pressure control

as required to maintain speci-
fied standards for the manufac-

tured product.

3.3 PARTICLE SIZE. Particle size

is expressed as the apparent

maximum linear dimension or

diameter of the particle,

3.4 MICRON. A unit of measure-

ment equal to one-millionth of

a meter (approximately 0.00004

inch). (e.g., Z5 microns are ap-

proximately 0.001 inch.)

3.5 VIABLE PARTICLE. A parti-

cle which will reproduce to form

obs ervable colonies when placed

on a specified culture medium

and incubated according to op-

timum environmental conditions

for growth after collection by

methods specified inNHB 5340.i

or revisions thereof.

3.6 NON-VIABLE PARTICLE. A

particle which will not repro-

duce to form observable col-

onies when placed on a speci-

fied culture medium and

incubated according to optimum

environmental conditions for

growth after collection by

methods specified inNHB 5340.1

or revisions thereof.

4. GENERAL REQUIREMENTS

4.1 BIOCLEAN ROOM OR BIO-

CLEAN WORK STATION AREA.

These areas shall be operated

with emphasis on minimizing

airborne viable and non-viable

particle generation or concen=

trations to levels within the

limitations indicated in para-

graph 5.1 by cleaning the air

environment and minimizing

product contamination expos-

ure.

4.2 EQUIPMENT CALIBRATION.

Equipment us ed to control,

monitor, and record bioclean
room and work station condi-

tions shall be calibrated as

specified by the manufacturer

or in accordance with specifi-

cations for the product to be

controlled.

4.3 ENVIRONMENTAL CONTROL.

Environmental conditions such

as temperature, humidity,

pressure differential, and vi-

able and non-viable airborne

particle count shall be con-

trolled, recorded, and records

reviewed as specified for the

product to be controlled.

4.4 BIOCLEAN ROOM AIR PRES-

SURE. Bioclean rooms shall

maintain a static air pressure

above that of surrounding areas
sufficient to assure that it will

be in excess of ambient static

and velocity head air pressures
in these areas and thatallleak-

age is outward.

4.5 AIR CHANGE RATE OR AIR

FLOW. Either the air change

rate or the air flow shall be

specified.

4.6 TEMPERATURE RANGE. The

temperature range shall be

established as required by the

spacecraft product and in con-
sideration of the comfort of

personnel occupying the area.

4.7 HUMIDITY RANGE. The maxi-

mum relative humidity shall be

_=_ +0%
standardized at -_.-,vo-5% at the

: • _ _ ., :.....

I
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temperature control point, un-

less otherwise specified for

product control.

4.8 AUDIO NOISE LEVEL. The au-

dio noise level limit allowable

shall be specified in accordance

with requirements for person-

nel comfort and pertinent oc-

cupational health regulations.

4.9 VIBRATION. The amount and

character of allowable vibration

shall be specified for the opera-

tions to be performed within the

facilities.

4.10 MICROBIAL CONTAMINA-

TION. The amount of allowable

microbial contaminatioh shall

be specified for the operations

to be performed within the facil-

ity and the procedures for meet-

ing this specification shall be
referenced.

4.11 OTHER ENVIRONMENTAL

FACTORS. Consideration shall

be given to other environmental

factors required for personnel

comfort and product control.

Examples are light level, el_c-

tromagnetic radiation or field,

conduction, radiation, ionizing

radiation, radioactive parti-

cles, electrostatic c ha r g e,

gases or vapors.

DETAILED REQUIREMENTS

AIR CLEANLINESS CLASSES.

The three classes as defined

by this standard are shown in

Table I. Classifications are

based on total (viable and non-

viable) particle count with the
maximum allowable number of

particles per unit volume or

horizontal surface area speci-

fied for each class. Special

classifications may be used for

particle count levels where

special conditions dictate their

use. Such classes shall be de-

fined by the intercept point on

the 0.5 micron line in Table II

with a curve parallel to the
three established curves.

TABLE I - AIR CLEANLINESS CLASSES

Class

English

System
(Metric

System)

Maximum

Number of

Particles

per Cu. Ft.

0.5 micron

and Larger

(per liter)

Maximum

Number of

Particles

per. Cu. Ft.
5 microns

and Larger

(per liter)

Maximum

Number

of Viable

Particles

per Cu. Ft.

(per liter)

Average
Number

of Viable

Particles

per Sq. Ft.

per Week
(per M 2

per week)

100

(3.5)

10,000

(350)
100,000

(3,500)

I00

(3.5)

I0,000

(350)

I00,000

(3,500)

See Note 1

Table II

65

(2.3)

7OO

(25)

0.1

(0.0035)

0.5

(0.0176)

2.5

(0.0884)

1,200

(12,900)
6,000

(64,600)
30,000

(323,000)

j .

3

.... 273-747 O - 67 - 2
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Table II Statistical Average Particle Size Distribution Curves

100,000
(3500)

I0,000

(350)

i,0oo
(35)

lOO

(3.5)

lO,

(.35)

I

I I
i
I I

I'

0.5 I.0 5 I0 i00

Particle size (microns)

*Note I: Counts below 10 (0.35) particles per cubic foot (liter) are unreliable except

when a large number of samplings is taken.

5.1.1 CLASS I00 (3.5). Particle

count not to exceed a total of

I00 particles per cubic foot

(3.5 particles per liter)of a

size 0.5 micron and larger,

and a viable particle count

not to exceed 0.i per cubic

foot (0.0035 per liter) with an

average value not to exceed

1,200 per square foot (12,900

per square meter) per week
on horizontal surfaces.

5.1.Z CLASS i0,000 (350). Particle

count not to exceed a total of

10,000 particles per cubic

foot (350 particles per liter)
of a size 0.5 micron and

larger, 65 particles per cubic

5.1.3

foot (Z.3 particles per liter)

of a size 5.0 microns and

larger, and a viable particle

count not to exceed 0.5 per

cubic foot (0.0176 per liter)

with an average value not to

exceed 6,000 per square foot

(64,600 per square meter) per
week on horizontal surfaces.

CLASS i00,000 (3,500). Par-
ticle count not to exceed a

total of i00,000 particles per

cubic foot (3,500 particles per

liter) of a size 0.5 micron

and larger, 700 particles per

cubic foot (25 particles per

liter) of a size 5.0 microns

and larger, and a viable

4
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5.1.4

particle count not to exceed

2.5 per cubic foot (0.0884per

liter) with an average value

not to exceed 30,000 per

square foot (323,000 per

square meter) per week on

horizontal surfaces.

STATISTICAL AVERAGE

PARTICLE SIZE DISTRIBU-

5.2

5.2.1

TIONo The three classes of

bioclean rooms and work sta-

tions are depicted by the sta-

tistical average particle size

distribution curves in Table

II. While the definitions of

these classes are taken from

these curves, it should be

recognized that single sample

distributions may deviate

from these curves becauseof

local or temporary con-

ditions.

AIRBORNE PARTICLE MONI-

TORING

PARTICLE COUNTING

METHODS. For proof of

meeting the requirements of

the class of bioclean room

or bioclean work station, one

or more of the following par-

ticle counting methods shall

be employed on the site of

use:

(a) For particles 0.5 micron

and larger, equipment

employing light scattering

principles shall be used,

as specified inASTMF50.

(b) For particle sizes 5.0mi-

crons and larger, micro-

scopic counting of parti-

cles collected on a

membrane filter through

which a sample of air has

been drawn, may be used,

as specifiedinASTM FZ5-

63T and SAE-ARP-743.

5.2.2

(c) For viable particulates in

air flow streams, equip-

ment employing an ori-

fice or slit directly above

a sterilized solid nutrient

collection medium shall

be used as described in

"Standard Procedures for

the Microbiological Ex-

amination of Space Hard-

ware" (NHB 5340.1). This

applies to microbial par-

ticle counting and particle

concentrating d e v i c e s

which have been cali-

brated to provide a total

or specific number of vi-

able organisms present

per unit volume of air.

(d) For quantitation of viable

airborne particulates ac-

cumulating on surfaces,

sterilized fallout collec-

tion surfaces shall b e us ed

as described inNHB 5340.1,

The period of collection

shall be based upon the

extent of the operations

being performed for the

product under control.

(e) Other monitoring methods

and equipment may be

used only if demonstrated

to be of accuracy and re-

peatability equal to the

methods listed in para-

graphs 5.Z.la, 5.2.Ib,

5.2.Ic, or 5.Z.id.

MONITORING TECHNIQU ES.

Monitoring techniques and
routines shall be established

to demonstrate the reliability

of the system to conform to

the air cleanliness class as

required by the specification

for the products involved.

Manual microscopic methods

are adequate for monitoring

non-viable particle concen-
trations in air in the class

5
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I0,000 to i00,000 range. When

measuring non-viable par-

ticles in air in facilities be-

low the I0,000 class, so few

5°0 micron and larger par-

ticles will be present that the

manual method may not pick

up enough of these size non-

viable particles to produce a

statis tically valid determina-

tion; therefore, non-viable

particulate air monitoring in

the range below class i0,000

shall be done with light scat-

tering equipment.

6. CHANGES

When a NASA program director con-

siders that this standard does not

meet the essential needs of a pro-

gram, requests for alteration of the

standard, supported by acceptable

justification, shall be made in writ-

ing and submitted in triplicate to the
National Aeronautics and Space Ad-

ministration, Office of Space Science

and Applications, Director of Bio-

science Programs, Washingtop, D.C.

20546. The Director, Bioscience

Programs, shall determine the ap"

propriate action to be taken and

shall notify the initiator.

7. CONFLICT WITH REFER-
ENCED DOCUMENTS

Where the requirements of this

standard conflict with any document

referenced herein, the nature of the

conflict shall be described in writ-

ing by the person responsible for the

discovery of the conflict and shall be
submitted in triplicate to the Na-

tional Aeronautics and Space _Ad-

ministration, Office of Space Science

and Applications, Director, Bio sci-

ence Programs, Washington, D.C.

20546. Until such time as the ap-

parent conflict may be resolved by

the Director, Bioscience Programs,

the requirements of this standard

shall apply.



APPEND_ A

NONMANDATORY SUPPLEMENTAL GUIDA.NCE INFORMATION

The purpose of this Appendix is to provide guidance for the preparation of

documents relating to the acquisition, operation, and maintenance of bioclean

rooms and bioclean work stations. Several approaches to the design and oper-

ation of such facilities are presently utilized, each of which is discussed in

this document.

One approach, the non-laminar flow room design, makes use of highly

filtered and conditioned air brought into the area through individual diffusers

located in or near the ceiling, and exhausted through return ducts located in

the floor, or near the floor and around the periphery of the room. In this

facility, particulate and microbial contamination is limited by controlling

personnel, their garments, operations, and materials inside the room. Per-

sonnel are required to wear low particle shedding garments, gloves, shoe

covers, and have their expired air filtered through a mask. Strict control over

entrance, egress, and cleaning of personnel, their garments, and materials is

required. Removal of accumulated contamination is through adequate main-

tenance and custodial services.

Another approach, based on the laminar airflow principle, utilizes highly

filtered and conditioned air brought into the room towards the work area

through a filter bank comprising an entire wall or ceiling of the room and ex-

hausted through a similar entire surface facing the air inlet filter bank. The

air is moved through the room at a reasonably uniform velocity in an uni-

directional or "laminar" flow pattern, thus making only a single pass through

any given area of the room. This air flow removes from the room any re-
leased contamination brought into the room on personnel and equipment or

from operations within the room. This prevents the diffusion of contamination

which may be generated in localized areas of the room to other areas and

critical work is protected by performing the required operations in the un-

disturbed flow of clean air from the incoming air surface. Personnel restric-

tions, equipment cleanup, and operational limitations are minimized by con-

ducting such operations downstream of the influent filter wall and the product

being controlled.

A third approach, incorporating the exclusion principle, provides for

control of personnel contact with the operations through the use of micro-

biological and particulate barriers and remote handling of the materials.

Equipment cleanup and operational requirements are stringent but personnel

restrictions are relaxed.

These varied approaches utilize different principles for airborne particle

control and each requires a different procedure for implementation.

7
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REFERENCED DOCUMENTS

The following documents pro-

vide informational guidance to
the extent referenced:

GOVERNMENTAL

TID 70Z3--High Efficiency

Particulate Air Filter Units

(HEPA) i

MIL_ F- 51068A-- Filter, Par-

ticulate, High- Efficiency,
Fire Resistant 2

BWP-30-S Design Criteria for

Biological Facilities and _-

Processes, Biological Safety
Cabinets Vols. I and II3

Public Health Service Publi-

cation No. 953, Air Filtrai
tion of Microbial Particles

Public Health Monograph No.

60, Sampling Microbiolog-
ical Aerosols 4

Federal Standard No. Z09a

Clean Room and Work Sta-

tion Requirements, Con-
trolled Environment 5

1Requests for copies should be submitted to U.S.
Atomic Energy Commission, Division of Technical
Information Extension, P.O. Box 62, Oak Ridge, Tenn.
37830.

_Copies of Military Specifications and Standards
required by contractors in connection with specific
procurement functions should be obtained from the
procuring activity or as directed by the contracting
officer.

SRequests for copies should be submitted to U.S.
Army Edgewood Arsenal, Engineering and Industrial
Facility, Edgewood Arsenal, Md. 21010.

4Requests for copies should be submitted to Super-
intendent of Documents, U.S. Government Printing
Office, Washington, D.C. 20402.

SOrders for this publication are to be placed with
General Services Administration, acting as an agent
for the Superintendent of Documents. Single copies of
this standard are available without charge at the GSA
Business Service Centers in Boston; New York; Atlanta;
Chicago; Kansas City, Mo.; Dallas; Denver; San Fran-
cisco; Los Angeles; and Seattle, Washington. Additional
copies may be purchased _or 15 cents each from the
General Services Administration, Specifications Ac-
tivity, Printed Materials Supply Division, Building 197,
Naval Weapons Plant, Washington, D.C. 20407.

i0.2 NONGOVER NMENTAL

AMERICAN STANDARDS AS-

SOCIATION:

ASA Z9.Z--The Design and

Operation of Local Exhaust

Systems

(Requests for copies shouldbe

submitted to the American Stand-

ards Association, Inc., I0 East 40th

Street, N.Y., N.Y. 10016.)

AMERICAN CONFERENCE OF

GOVERNMENTAL I ND US-

TRIAL H YGIE NIS TS:

Industrial Ventilation Manual

(Requests for copies should be

submitted to the American Confer-

ence of Governmental Industrial

Hygienists, 1014 Broadway, Gin=

cinnati, Ohio 45202.)

AMERICAN SOCIETYOF

HEATING, REFRIGERA-

TION, AND AIR CONDI-
TIONING ENGINEERS

ASHRACE Guide

(Requests for copies should be

submitted to the American Society

of Heating, Refrigeration, and Air

Conditioning Engineers, United En-

gineering Center, 345 E 47th, N. Yo,

N.Y. 10017.)

SANDIA CORPORATION:

SC-R-64- 145-A--B a s i c De_

sign requirements for lam_

inar airflow dust control

devices

SC-TM-64-63 7--Standard

tests for laminar flow de-

vices

(Requests for copies shouldbe

submitted to the Sandia Corporation,

P.O. Box 5800, Albuquerque, New

Mexico 87115.)

i
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: < _ AMERICAN ASSOCIATION
• !5,

i..:.:.../:iit:i:: FOR C O N T A M I N A T I O N
_ , .... _ CONTROL:

• i ment and techniques - A

•/ ' ". >_ State of the Art Report

.....-:(.-i/i_..:: (Requests for copies shouldbe

i tion for Contamination Control, 6
Beacon Street, Boston, Massachu-

setts 02108.)
- •, <j _, /,

C ' : • t • 0 >

:i!_i:!_):::/:!_:i--'- 20. GLOSSARY

CLEAN ROOM, A room char-
.q%---q-.. <" :

. ........... acterized by no requirement

:,_ % .'_"- "., for uniformity of airflow pat-
. .: ,. j-,

.:.,, ::: :<:_:/ii: '_:: <i terns and air velocities,: 20.2 NON- LAMINAR FLOW BIO-

::'/":(;>"_!: CLEAN WORK STATION. A
- "_" :" ""_ - '.'i; _ -'_

work station characterized by

--___:::/::')_::::! no requirement for uniformity
_.- " ..... of airflow patterns and air

:-!:!.:/.iiii!i)iii'! velocities; but having specifici requirements for control of

-:-ii!::_: ;!::-!! viable particulates, This in-

".>,i:://:_:::,i.!_ cludes work stations which
...... .. have constricted air exhaust

-: ..... i:- _.:. or ports.

" " - " 20.3 LAMINAR AIRFLOW. Airflow
• tt

=!-.:.-..,: -t. in which the entire body of air

i within a confined area moves

: .... :/ with uniform velocity along

.... parallel flow lines.

'; " : ' 20.4 LAMINAR FLOW BIOCLEAN

" - ROOMS. A room in which the

laminar airflow characteris-

i: . tics predominate throughout

" the entire air space, with a

,.... _ minimum turbulence, andhav-

---:" ing specific requirements for

" " the control of viable particu-

... _ lares.

.... " Z0.5 LAZilNAR FLOW BIOCLEAN

WOf<K STATION. A work sta-

- tion in which the laminar air-

" " flow characteristics predomi-

• : • :!:,i;:•

20.6

20.7

20.8

20.9

21.0

21.i

21 .Z

nate throughout the entire air

space, with a minimum turbu-

lence, and having specific re-

quirements for the control of

viable particulates.

HIGH EFFICIENCY PARTICU-

LATE AIR FILTER (HEPA).

MIL-F-51068A specifies fil-

ters with minimum efficiency

of 99.97% determined by the

homogeneous Dio ctyl Phtha-

late (DOP) method at air flows

of 100% and Z0% of the rated

flow capacity of the filter. It

is referred to as the "HEPA"

filter.

FILTER AIR. The air which

issues directly from the

"HERA" filter.

FIRST WORK• LOCATION. The

work location first in the path

of the filter air.

DYNAMIC AIR SAMPLING.

The sampling of the air in the

air space to obtain the number

of airborne particulates and

define those particulates car-

rying viable microorganisms.

FALLOUT SAMPLING. The

horizontal placement of steri-

lized strips in the air space

for collection of deposited par-

ticulates which may have vi-

able microorganisms and

which have been airborne prior

to deposition on the collection

surface.

MICROBIAL BARRIER SYS-

TEM. The protection system

used to prevent microbial mi-

gration and contamination of a

product with microorganisms.

MICROORGANISMS. Mi c r o-

scopic plants or animals in

seven principal groups called

protozoa, true fungi, mold-like

9
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21.3

21.4

30.

30.1

i0

higher bacteria, true bacteria,

spirochetes, rickettsiae, and
filtrable viruses.

AEROSOL. A suspension of

ultramicroscopic solid or liq-

uid particles in air or gas.

DUST. Any powdered matter

fine enough to be easily sus-

pended in air or gas.

ENVIRONMENTAL CONDI-

TIONS

AIRBORNE PARTICLE

COUNTING. Airborne parti-

cle concentrations, viable and

non-viable, should be meas-

ured at representative loca-

tions in the bioclean room or

work station. Itis necessaryto

recognize that the differences

between non-laminar, laminar

airflow, and microbial barrier

systems lead to different

measuring techniques. For ex-

ample, any contamination gen-

erated in non-laminar flow

rooms or work stations tends

to be diffused over the entire

work area generally, thus air-

borne particle counts will be

fairly uniform through the

whole work area. Air samples

therefore should be taken at

work height level and in the

general work activity areas.

(Fig. 6)

In laminar flow devices, how-

ever, any airborne contamina-

tion released into the work

area will follow the air stream

path toward the exit, therefore,
contamination levels in these

devices will vary to a marked

degree from air cleanliness

class I00 to the specific con-
tamination level downstream

of the dirtiest operation. Thus,

in a laminar flow facility the

30.2

30.3

sample of air should be taken,

from the air as it approaches

the work activity area of in-
terest. Particles count should

be taken at work height level

and in the general work activ-

ity areas.

RECOMMENDED TEMPERA-

TURE RANGES. Tempera-

tures in the bioclean room

should be maintained around a

mean temperature of 72°F

(22.2°C) for personnel comfort

with the exception of those

laboratories or work areas for

which other temperatures may

be necessary for control of

stability of items being fab-

ricated or tested or for micro-

organisms control in which

case the mean temperature

should be otherwise specified.

Choice of temperature may be

based on the desired die-away

of vegetative microorganisms

which, when humidity is held

constant, is directly propor-

tional to temperature. The

temperature variation at the

control point may range from

-+0.25°F (+-0.14oc) in themost

critical operations to as much

as -+5.0°F (+ Z.8°C).

RELATIVE HUMIDITY

RANGES. Relative humidity

should be controlled in the bio_

clean room area. Choice of

range should be based pri-

marily upon the product bio-

clean requirements. Three

general problem areas should

be recognized:

(a) Rusting of ferrous parts

can occur and become a

serious problem at relative

humidities above 5070.

(b) Electrostatic charges on
dielectric and other mate-

rials or parts can cause
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problems due to particle
attraction at low relative

humiditie s.

(c) Microorganism growth and

migration can be enhanced

at high or low relative
humidities, and die-away

is most rapid at mid-range.

MAKE-UP AIR. Make-up air

volume supplied to the bio-

clean room area should meet

American Society for Heating,

Refrigeration, and .Air Condi-

tioning Engineers Guide, or

local building code require-

ments if more stringent. In

rooms utilizing a relatively

low volume of recirculated air,

make-up air should- normally

be specified as a percentage

of the incoming air into the

room, e.g., 20% fresh air

make-up. In rooms utilizing a

high volume of recirculated

air, make-up air should nor-

mally be specified as a given

volume per minute, e.g., 30

cubic feet per minute per per-

son occupancy. When vented

hoods are used for vapor con-

trol, make- up air volume

should be greater than that of

the exhausted air in order to

maintain a positiye pressure

in the room. Since a major part

of the air conditioning (i.e.,

heating and cooling) load of a

bioclean room may come from

the necessity to bring the con-

dition of the make-up air to

that of the clean room, con-

sideration should be given to

the use of air-to-air rotary

heat exchangers or run-around

systems in the interest of

economy. This is particularly

true where large volumes of
air must be exhausted to con-

trol concentrations of hazard-

ous materials.

273-747 0 - 67 - 3

30.5

40.1.1

When an induction type fume-

hood employing a separate un-

filtered fresh air supply is

within any bioclean room area,
care should be taken to pre-

clude leakage of the unfiltered

fresh air supply into the bio-

clean room air space.

PRESSURE. The minimum

positive total pressure, static

and velocity head, differential

between the clean room and any

adjacent area of less clean

requirements should be 0.05

inches of water, with all entry

ways closed. When the entry

ways are open, the blower

capacity should be adequate to
maintain an outward flow of

air. This is to minimize mi-

gration of contamination into

the clean air space. An air

pressure safety device should

be provided which will prevent

pressure buildup above the de-

signed limits for the structure.

DESIGN INFORMATION

NON- LAMINAR FLOW BIO-

CLEAN ROOM

Bioclean room shell. Bio-

clean room shell, floor,

walls, and ceiling should be

designed and constructed in

a manner required to elimi-
nate air leaks into or from

the bioclean room. The walls

and ceiling material should

be low particle shedding,

easy to clean, and capable of

withstanding decontam-

ination procedures. The

floor covering should below

particle shedding, tightly

joined to prevent particle
accumulation in seams and

sufficiently durable to with-

stand wear imposed bytraf-

fic, decontamination proce-

dures, and bioclean room

operations.

ii
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Entry ways. Entry ways,

doors, and pass-throughs

should be of correct size to

permit personnel and re-

quired equipment access to

the clean room. These entry

ways should be the air lock

type with interacting locks

on all doors, should provide

air seals sufficient to allow

pressurization of the bio-

clean room, and should be

ventilated to provide flush-

ing of air space inside the

locko

Anterooms. Ant e r o o m s

should be provided for bio-

clean room personnel cloth-

ing Change area, clothing

storage, wash up facilities,

air showers, and other

equipment for personnel

bioclean room entry re-

quirements. Anterooms may

also be provided, as needed,

to house parts cleaning and

other room support equip-

ment.

Air supply and filtration

equipment° Air supply and

filtration equipment should

be provided to filter air

entering the bioclean room,
recirculated as well as fresh

air. A three minute room air

change is usually considered
to be minimum for 8 to 12

foot (2.438 to 3.658 meters)

ceiling height rooms. Equip-

ment should be provided to

supply fresh, or make-up

air, as required.

Consideration should be

given for ease of access to

the filter bank for changing

and testing of the filters,

and the ducts leading to and

from the filters.

40.1.5

40.1.6

40.1.7

40.1.8

40.2

40.2.1

Air conditioning equipment.

Air conditioning equipment

for cooling, heating, humidi=

fication, and dehumidifica-

tion of the biocleanroom air

should be provided a s re-

quired.

Bioclean room furnishings.
Bioclean room furniture and

equipment should meet bio-

clean room operational

needs, should be constructed

of low particle shedding ma-

terials, and be devoid of

coatings which are subject

to erosion and particle pro-

duction from use.

Bioclean room lighting

equipment° Bioclean room

lighting equipment should be

provided to meet work re-

quirements within the bio-

clean room. Shadowles s,

uniform lighting at intensity

levels of i00 to 150 foot-

candles (1076 to 1614 lux) at

work station is satisfactory

for most bioclean rooms.

Light fixtures should be

flush mounted, and sealed to

prevent air leaks.

Fire protection. Bioclean

room fire protection should

be consistent with product

and local requirements.

LAMINAR FLOW BlOC LEAN

ROOM

Bioclean room shell. For

economy of operation and

product protection, laminar
air flow bioclean rooms

should have floor, walls, and

ceiling assembled in such a
manner so as to inhibit the

leaking of any air into or

from the room. The mate-

rials for walls and ceiling
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40°2.2

40.2.3

40.Z.4

40.2.5

should be low shedding, easy

to clean, and capable of with-

standing decontamination

procedures. The floor cov-

ering, on other than vertical

laminar air flow facilities or

wall-to-floor air flow facil-

ities, shQuld be low particle

she dding and suffi ciently

durable to withstand wear

imposed by traffic, decon-

tamination procedures, and

bioclean room operations.

Entry ways. Entry ways,

doors, and pas s-throughs

should be of sufficient size

to permit entrance and exit

of personnel and required

equipment. These openings

should provide an air seal

when closed to allow pres-

surization o f the area. The

use of air lock and air

shower type facilities should

be based upon products and

personnel considerations.

Anterooms. Anterooms

should be provided for stor-

age of personnel clothing,

lunches, personal property,

washing facilities, and

cleaning equipment.

Air conditioning equipment.

Air conditioning equipment

for cooling, heating, humidi-

fication, and dehumidifica-

tion of the bioclean room air

supply should be provided as

required.

Bioclean room furnishings ,.

The furniture and equipment

should meet bioclean room

operational needs, should

be constructed of low par-

ticle shedding materials,

and be devoid of coatings

which are subject to erosion

and particle production from

use.

40.2.6 Bioclean room lighting

40.2.7

40.2.7.

40.2.7.2

equipment. Shadowless, uni-

form lighting at intensity

levels satisfactory at r_or-

real working levels should

be designated as required.

Ceiling lighting fixtures in
horizontal laminar flow

rooms may be suspended

into the clean room to elim-

inate the necessity for seal-

ing, but such fixtures should

be as streamlined as pos-

sible. If the fixture clear-

ance above the working sur-

face is exceptionally close,

it would be proper to employ
recessed and "sealed fix-

tures.

Laminar airflow. Several

configurations are feasible

with laminar airflow, some

of which are:

1 Wall-to-floor airflow. As

displayed in Figure i, this

design is adaptable to a

wide choice of sizes, in-

asmuch as the length is

limited only by the space

available.

Ceiling-to-floor airflow.

This vertical airflow de-

sign has the capability of

providing the highest de-

gree of bioclean atmos-

phere in a dynamic air

system because any con-

tamination generated by a

specific operation is im-

mediately carried down

and out of the room, thus

providing an opportunity

to perform many fundtions
which otherwise would be

accomplished elsewhere,

transported through a

cleaning operation, and

then brought to the bio-

clean room (Fig. Z)

13
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Wall- to- wall airflow. Hor-

izontal rooms, as shown

in Figure 3, represent a

minimal investment with a

potential for a high degree
of contamination control.

Room-within-a-room air-

flow facilities. Employing

a filter bank (normally a

combination of prefabri-

cated modules) and inex-

pensive side walls and

ceiling with an open ex-

haust opposite to the filter

bank, the room-within-a-

room resembles a tunnel

of any height, width, and

length which may be fabri-

cated inside an existing

conventional facility. Fig-

ure 4 depicts this type of

installation which is the

least costly of any type

of room, and can be dis-

assembled and moved with

a minimum of time and

effort. Its effectiveness is

comparable to the wall-to-

wall airflow room.

k

. - ?

_ 40.2 o7.5 Mobile curtained downflow

facilities. These facilities

may be constructed in a

.... : wide choice of sizes and

Acceptable temporary
bioclean room areas have

been constructed using

prefabricated modules

(which are complete units

containing both supply fan

and "HEPA" filters) and

flexible plastic walls and

ceilings with a completely

open end. The bioclean
room area in this case

resembles a plastic tube,

and the ceiling and side

walls are supported by a

simple exterior pipe or

angle iron framework.

40.2.8

40.Z.9

40.2.10

heights, and can provide

a high degree of contami-

nation control for large

and difficult-to-move

structures on which as-

sembly is to be accom-

plished under exacting
controlled conditions. (See

Figure 5. )

Incoming air filter bank. The

incoming air filter bank <_f
laminar flow rooms should

cover either one entire wall

or the entire ceiling, except
when built-in benches are

included at the incoming air

end of the room (see Figures

i, 3, and 4), the wall filter

bank may be modified to

cover only the area extending

from the bench working sur-

face to the ceiling. In every

instance a laminar airflow

room should be class i00 in

the zone immediately adja-

cent to the incoming air

entry area. The face of the

filters should be protected

from damage.

Final filters. _All final filters

should be -of the "HEPA'

type, or better° For laminar

flow installations, "HEPA"

filters in which pinhole and

other localized leaks have

been sealed off should be

specified. DOP smokepene_

tration test ratings should

include penetration through

filter gaskets, if present.

(See par. 20.6.)

Prefilters. Prefilter s

should be used on all fresh

air make_-up supply, and on

recirculated air to prolong

the life of HEPA filters. Ef-

ficiency of the prefilters

should be tailored to the

anticipated contamination

load.

[4
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40.2.11

40.2.12

40.2.13

40.3

40.3.1

Air exit. The air exit from

these rooms should con-

sist of an entire wall or

grated floor surface. The

use of preflltration located

back of the exit wall grills,

or beneath the grated or

perforated floor, will pro-

vide pressure drop across

the exit area to help as-

sure a uniform room air-

flow. Manually operated

dampers in the air exhaust
area of the bioclean rooms

may be required to main-
tain the laminar airflow

characteristics.

Airflow velocity. Airflow

velocity through the cross
section Df the room nor-

mally is maintained at 90

feet (27.45 meters) per

minute with a uniformity

with _+ 20 feet (+_ 6.10 me-

ters) per minute through-

out the undisturbed room

area.

Airflow patterns. Airflow

patterns should be uniform
and with a minimum of tur-

bulence throughout the un-

disturbed portions of the

clean room.

LAMINAR FLOW BIOCLEAN

WORK STATION. Bioclean

work stations defined by this

document as the laminar flow

type should meet the follow-

ing: (see Figure 7).

Bioclean work station shell.

The materials for the sides

and work surface for laminar

airflow bioclean work sta-

tions should be low shedding

and the finish should be

easily cleanable. The work

surface should be able to

withstand wear imposed by

40.3.2

40.3.3

40.3.4

operations
station _.

within the work

Airflow containment. Side

panels, and work surfaces

should be such that they will

provide cross section area

equal to the filter face. Un-
der normal circumstances

these containment surfaces

should be perpendicular to

the filter face.

Final filters. All final fil-

t6rs shouldbe of the "HEPA"

type, should make-up the

rear or top surface of the

enclosure, should cover the

entire area of that surface,

and the effective filter area

should be flush with the con-

tainment surfaces. The face

of the filters should be pro-

tected from damage without

obstructing the airflow

pattern,

Prefilters. Prefilters should

be used to prolong the life

of the "HEPA" filters. The

efficiency of the prefilters

should be tailored to the

anticipated contamination
load and the desired life of

the "HEPA" filters.

Air exit. The air exit of the

enclosure should be equal in

area to the exposed surface

of the final "HERA" filters.

Airflow velocity. Airflow

velocity from the air exit of
an unobstructed work sta-•

tion should be maintained at

90 feet (27.45 meters) per

minute (f.p.m.) average

minimum with a uniformity

within _+ 20 (+ 6.10 meters)

f.p.m, across the entire area

of the exit, to within i inch

(2.54 centimeters) of the

15
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containment surfaces. Out-

side air should not be aspi-

rated into the work area.

Airflow patterns. Airflow

patterns should be uniform

with a minimum turbulent

pattern in the unobstructed

areas of the enclosure.

MICROBIAL BARRIER SYS-

TEM. Microbial barriers as

defined by this document should

meet the following: (see Fig-

ures 9, i0, and ii). "

Containment shell. The con-

tainment shell majr be heavy-

walled stainless steel, thin-

walled s t a i nl e s s steel,

flexible plastic or rigid

plastic depending on the

manipulations to be per-

formed and sizes ofitemsto

be processed. BWP-30-S

provides specifications and

drawings for nine types of

biological safety cabinets

used as mechanicalbarriers

between product and fabrica-

tion. The shell should be

designed so that the contents

can be observed, manipu-

lated, and materials intro-

duced and removed without

destroying the integrity of

the mechanical barrier. The

materials used should be

compatible with the sterili-

zation and decontamination

agents used for the interior
of the barrier and be free of

cracks or joints which would

resist decontamination. The

shell should be designed to

contain 3 inches (7.62 cm)

of water pressure maximum.

Openings. Doors, and pass

throughs should be of suf-

ficient size to permit intro-

ductio.n and removal of re-

40.4.3

40.4.4

40.4.5

quired equipment and items
before and after assembly.

A double barrier system

should be employed' for all

openings to permit sterili-
zation and decontamination

of the materials and equip-

ment prior to their being

introduced into the working

chamber. The closures for

the openings when in place

should be capable of main-

taining 3 inches (7.62 cm) of

water pressure without de-

tectable leakage.

Ventilation. Internal ventila-

tion or circulation patterns

for gas=tight barriers should

be determined by the nature

of the operation. Fabrication

procedures may require

ventilation with inert gases

or precise control of tem-

peratur e and humidity within

the barrier.

Manipulation po r t s. Gas-

tight removable panels con-

taining an arrangement of

ports for attachment of arm

length gloves, manipulator

arms, or tunnel suits for

manipulation of items with-

in the gas -tight barrier

should be provided. These

panels should be so located
that the entire enclosed

working s p a c e and p a s s

throughs may be reached by

the manipulator. The ports,

panels, gloves, tunnel suits,

and manipulator s y s t e m

should be capable of main-

taining 3 inches (7.62 cm) of

water pressure without de-

tectable leakage°

Viewing panels. Visual view-

ing panels should be pro-

vided to permit the opera-

tor to clearly observe all

. "'2,
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-: i manipulations within the determine that the "HEPA":

gas-tight enclosure, pass filter bank contains no pin

_ throughs, and decontamina- hole leaks in (i) the filter

......"' tion or sterilization cham- media itself, (Z) the bond

:;:;_ bers. The panels should be between the filter media and

ii'i:ij}fii_i capable of maintaining 3 the interior of the filter

_> :::_:; inches (7.62 ca) of water frame, and (3) the filter

pressure without detectable frame gasket and the filter

.....:; _::, leakage and be of the double bank supporting frames.

wall type to provide safety

....:_:i!::_?::/ for the operator against ac- Leak tests should be made

.-:-_:,v:::i_ by introducing a high con-.-.-....... cidental breakage. The ma-

....}:_?_i_j: terials should be compatible centration of smoke or fog 1
with the decontamination and into the plenum upstream of

sterilization procedure to be the "HEPA" filters (concen-

used and with the intended tration shouldbeoftheorder

operations to be performed of 104 above the minimum

within the chamber, sensitivity of the photometer
used as the detector; this

normally will be in the order

of 80 to 100 micrograms per

liter). The entire down-

stream surface of the

"HEPA" filter installation

should then be scanned by

moving an aerosol photo-

meter probe at approxi-

mately 0.5 inch (l.Z7 cm)

per second at a sampling

rate of one (i) cubic foot

(0.02832 cubic meter) per

minute held 1 to 2 inches

(2.54 to 5.08 ca) from the

filter media and frame. The

probe should be sized to

provide approximately

isokinetic sampling a n d

should be held I to 2 inches

(2.54 to 5°08 ca) from the

filter media and frame.

Thus, for measuring laminar

flow equipment having air

velocities of from 70 to ii0

feet per minute, the probe
should be sized from ito 1.5

inches squared. An aerosol

40.4.6

40.4.7

Utility services. Services

such as electricity, gas,

vacuum, air, water, and

drains should be provided

as required for the mani-

pulations to be performed.

Safety and contamination

control procedures for each

service should be specified

for the intended operations

to be performed within the
chamber. A differential

pressure relief system

should be provided to pre-

vent structural damage from

excessive pressure build up.

Lighting. Shadowless, uni-

form lighting at intensity

levels satisfactory at nor-

mal working levels should be

provided as required. Light-

ing fixtures should be re-

cessed externally accessible

to the gas-tight chamber,

and sealed to maintain 3

inches (7.62 cm) of water

pressure without leakage.

50. TESTS

50.1 LAMINAR FLOW ROOM

50.1.1 Filtration tests. Anin-place

filter test should be made to

1For example, cold generated DOP Fog. Ref:
NRL 5929 "Studies of Portable Air-Operated Aerosol
Generators," Echols and Young, Clearing House for
Federal, Scientific, and Te ch n i cal Information,

Springfield, Virginia 22151.

17
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!:=i :_: photometer reading equiva- by introducing smoke into

_::::_:':'ii lent to 0.01 percent of the the intake ducts.

upstream smoke concentra-

tion is considered a signifi- 50.3.2 Airflow velocity tests: Air-

cant leak and should be flow velocity out of the air_

_:i_:_:_,=_i_?•:!i('_i:i/I sealed off. exit of an unobstructed bio_

clean work station should

_ _i_.:,i:iy-_ conform to p a r a g r a p h
: : ::i:_ 40.2.12 and be measured

through the cross section of

the unobstructed open face
'of the air exit.:,ii

i•:;,:: 75

"-c

5
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50.1.2

50.1.3

50.2.2

50,2.3

50.3

50.3.1
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Airflow velocity. Airflow

velocity should be measured

through the cross section of
the room and should con-

form to paragraph 40.2.12.

Viable particulate test. Ef-

fectivenes s of microbiologi-
cal filtration should be de-

termined as described in

NASA NHB5340. i, Public

Health Monograph No. 60,

and Public Health Service

Publication No. 953.

NON- LAMINAR FLOW ROOM

Filtration tests. Same as per

laminar flow rooms (par.

50°i.1) except that scanning

should be done at the down-

stream s u r f a c e of the

"HERA" filter, ifit is readily

accessible.

Duct tests. Aspiration of

contamination from leaks in

the ducts (between the filters

and the room inlet) should

be considered and particu-

late tests made at the point

of air inlet.

Viable particulate tests.

Same as per laminar flow

rooms, (paragraph 50.1o3).

LAMINAR FLOW BIOCLEAN

WORK STATION

Filtration tests. All tests for

filtration effectiveness _ for

laminar flow bioclean work

stations should b e (Per

laminar flow rooms, 50.1.1)

50.3.3

50.4

50.4.1

50.4.Z

50.5

50.5.1

Viable particulate tests. Ef-
fectiveness of control of

microbial filtration should

be determined as per lami-

nar flow rooms (paragraph

50.i .3).

NON- LAMINAR FLOW BIO-

CLEAN WORK STATION

Filtration tests. Check for

leaks (per laminar flow

rooms, 50.1.1) except that

scanning is required to be
done at the downstream sur-

face of the "I-IEPA" filter, if

it is readily accessible.

Viable particulate tests. Ef-

fectivenes s of microbial

control should be determined

as per laminar flow rooms

(par. 50.1.3).

MICROBIAL BARRIER SYS-

TEM

Tightness tests. A barrier

system should be evaluated

for microbial tightness by

determining its gas -tight-

ness or leakage rate. The

ability to contain gas mole-

cules for specified time

periods is evidence that the

system will prevent leakage

of contamination through the

barrier. For small cham-

bers, under 1,000 cubic feet
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in volume (28.32 cubic me-

ters), the halogen leak de-

tector, having a maximum

sensitivity of 1 x 10 -9 cc of

halogen gas per second, is

the preferred instrumented
method for leak detection.

Freon-I2 gas should be in-

troduced into the chamber

in an amount of 1 ounce per

30 cubic feet (29.6 ml per

0.85 cubic meters) of en-

closure and the pressure

maintained at 5 inches (12.7

cm) of water equivalent on

the gauge. The room in which

the tests are performed

must be halogen free and no

smoking should be per -
mitred. The nozzle of the

probe should be he_d at the

surface of the unit being

tested in a manner not to

jar the instrument and moved

over the surface at approxi-

mately 0.5 inch (1.2.7 era) per

second. Any indication onthe
detector should be cause for

sealing off the leak.

For large chambers and

rooms, the leak test should

be designed to minimize the

risk of structural damage

from excessive pressure.
The chamber shouldbe com-

pletely closed and air added

until the pressure in the
room is i.0 inch water

guage. At this point the

air is shut off and the pres-
sure is noted in 10-minute

intervals for a period of 1
hour. A room is considered

to be adequately sealed if

during one hour the pres-

sure drop is from 1.0 to 0

inch of water gauge (0.020 to

0.025 air changes per day

equivalent).

Viable particulate tests.

Verification of sterility of

microbial barrier systems

should be done under a dy-

namic condition of activity

within the containment sys-

tem in accordance with pro-

cedures for laminar flow

rooms (par. 50.I.3). Any

d ete c t a bl e contamination

should be carefully evaluated

to determine steps required

to isolate the cause and

institute correction.

60. MONITORING

60.i NON- LAMINAR FLOW BIO-

CLEAN ROOM

60.1.1 Airborne particulates. Vi-

able and non-viable particle

counts should be taken at

representative locations at

specified intervals to reflect
maximum and minimum

periods of activity.

60.1.2 Particulate disposition.

Settling strips should be

located at representative lo-

cations in sufficient quantity

to provide for determination

of microbial profile of the

room with respect to time.

60.2 LAMINAR FLOW BIOCLEAN

ROOM

60.2.1 Airborne particulates.

Monitoring of the first air

pass in laminar flow rooms

and work stations canbeac-

complished using a facility

check out procedure. By a

deductive process it can be

determined that the con-

tamination level of the

facility is acceptable if the

filters pass the leak test,

airflow is uniform, and the

air velocity and viable par-

ticulate tests are passed as

described in paragraphs 50.1

19
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60.2.2

60.3

and 50.3. In most situations

this type of facility check

will be more meaningful than

an attempt to make an actual

airborne particle count, due

to the extremelylow particle

concentrations expected,

plus the difficulty of taking a

representative sample in a

laminar flow air stream.

Particulate deposition. In

order to provide a microbial

profile of the numbers of

viable particulates accumu-

lating on horizontal surfaces

in the room, settling strips

should be placed downstream

from the filter face and at the

air exit for horizontal cross
flow rooms and above and

below the working elevation
for vertical downflow rooms.

A portion of these strips
should be removed and

analyzed at intervals con-

sistent with work activity in

the room.

NON- LAMINAR FLOW BIO-

CLEAN WORK STATION

60.4.2

60.5

60.5.1

work stations, and work stai

tions in which "HEPA" fil-

ters have been repaired or

replaced with new _'HEPA"

filters should be monitored

(per laminar flow work sta-

tions, 50.3) after being

placed in operation and

thereafter as stipulated _in

the specifications.

Particulate deposition.

Monitoring of viable particu-

lates accumulating on hori_

zontal working surfaces

should be accomplished by

placing settling strips with-

in the working area for anal-

ysis at specified intervals

dependent upon the work ac-

tivity.

CHANGING OF "HEPA" FIL_

TERS

Airflow change. When the

airflow drops below the

minimum rate, and new pre=

filters do not increase the

flow, "HERA" filters should

be replaced.

(
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i• . , ).•:. • •_

i!iii:ii_::_i_::_:.i:

;i

60.3.1 Airborne particulates. All
work stations should be

monitored at specified in-

tervals d.ependent upon the

work activity.

60.3.2 Particulate deposition. All

work stations should be

monitored for surface dep-

osition of viable airborne

particulates through use of

settling strips which are

analyzed at specified inter-

vals dependent upon the work

activity.

60.4 LAMINAR FLOW BIOCLEAN

WORK STATION

60.4.1 Airborne particulates. All

new work stations, relocated

20

60.5.2

60.5.3

60.5.4

Filter backpressure. When

the static pressure drop

across the filters exceeds

the static capability of the

blowers, the "HEPA"filters

should be replaced.

Uncorrectable leakage.
When the "HEPA" filters

develop uncorrectable leak-

age leading to consistently

abnormal particle Counts

within the area, they should

be replaced.

Filter monitoring. Whenever

"HEPA" filters are changed,

a thorough leak check should

be made asdescribedin50ol

and 50.3.
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60.6 MICROBIAL BARRIER SYS-

TEM

60.6.1 Decontamination. Monitor-

ing of effectiveness of de-
contamination within the

barrier system should re-

sult from swab, Rodac plate,

or strip sampling of sur-

faces in accordance with

procedures outlined in NHB
5340.1. These results should

not exceed those specified

for the particular bioclean

air cleanliness classifica-

tion.

60.6.Z Sterilization. Monitoring of

effectiveness of steriliza-

tion within the barrier sys-

tem should be based upon

consideration of the time-

temperature-humidity re-

lations of the agent knownto

produce sterility. Selected

samples should be taken of

surfaces, using the proce-

dures outlined in NHB5340. i.

60.6.3 Air balance. Internal ven-

tilation patterns for gas-

tight barriers should be de-

termined by the nature of

the operation. Some proce-

dures may require ventila-

tion with inert gases or

accurate control of tem-

perature and humidity within

the barrier. The rate of con-

tamination generation within

the barrier should be moni-

tored by using procedures

outlined in NHB5340.1.

70. OPERATIONAL GUIDES

70.1 GENERAL

70.1.1 Equipment cleaning and de-

contamination. All equip-

ment should be cleaned and

decontaminated before being

70.1 .Z

70.1.3

passed into the bioclean en-

vironment by dusting, vac-

uuming, washing, dunking,

or by suitable means, com-

patible with the equipment

involved.

Personnel covering. All

personnel should wear lint-

free, non- shedding garments

in the bioclean area. Head

covering which covers the

the entire head should be

used to avoid part or com-

ponent contamination by
loose bits of hair or loose

skin flakes.

Cosmetics. Har_l lotions,

creams, or soap containing

lanolin to tighten skin par-

ticles should be used as ap-

propriate. Cosmetics and

medication which may pro-

duce contamination should

not be permitted. In particu-

lar, eye make-up, rouge,

face powder, and hair spray
should not be used and

fingernail polish should be
removed, before entering the

bioclean area.

70.1.4 Smoking and eating. Under
no conditions should smok-

ing or eating be permitted

in the bioclean area.

70.1.5 Parts handling methods.

Gloves, tweezers, or other

mechanical barriers to pre-

vent contact between skin and

hardware should be used

while working with or han-

dling sensitive parts to avoid

contamination of those parts

by loose skin, microbiota,

or natural skin oils. Solvent

contact with hands shouldbe

avoided, as many solvents

remove natural skin oils

causing excessive "skin

peeling" or flaking.

21
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Paper and writing materials.

Paper should be limited to

the non-shedding type or en-

closed in a transparent non-

shedding covering when used

in the bioclean area. Only

ball point pens should be used

for writing, Lead pencils and

erasers should not be per-

mitted in the bioclean area.

Custodial equipment. All

equipment used to maintain

the cleanliness of the bio-

clea: area should be stored

within the bioclean area ina

manner which will prevent

accumulation or dispersion

of particulates or microbiota

on the surfaces and reduce

particulate shedding when

used. Vacuum hoses, elec-

tric cables, and other flexi-

ble conductors should be

stored on reels or racks off

the floor of the bioclean area.

Synthetic s p o n g e mops

should be hung so that the

mop head does not touch the

floor. Use of bristle brushes,

steel wool, and other particle

shedding materials should

not be permitted. All such

equipment entering the bio-
clean area should be treated

as per paragraph 70.1.1.

Machining and mating ex-

hausts. Exhaust systems for

grinding, welding, soldering

machining, or other related

operations should be in-
stalled in accordance with

the Industrial Ventilation

Manual published by the
American Conference of

Gore rnmental Indus trial Hy-

gienists, and the ASAStand-

ard Z9.2, "The Design and

Operation of Local Exhaust

Systems."

70.2 PARTS CLEANING AND HAN-

DLING

'70.2.1 Cleaning operation_. Before

being transported into the

bioclean area, all parts, in-

struments, materials, and

systems should be cleaned

as required to prevent con-
tamination of the room. To

prevent direct transfer of

contamination, constant, sur-

veillance of the established

procedures for handling

clean parts and assemblies
is recommended. Particular

attention should be paid to

_cleaning operations that are

performed in the bioclean

room. Ultrasonic cleaners,

spray rinses, and volatile

immersion baths may re-

lease liquid droplets con-

raining contaminants into the

room air. The design of the

cleaning equipment, and its

location in the room should

be selected to minimize this

problem. Where practical,

contamination producing op-

erations should be located

in adjoining areas, and the

work should be passed into

the bioclean room without

cross contamination after

the operation has been per-

formed.

70.2.Z Containers. Transport and

storage containers should be

made of low particle shed-

ding materials. They should

also have as rigorous a

cleaning schedule as the

parts or equipment. Care
should -.betaken to insure that

containers used for trans-

porting cleaned parts do not

transfer contamination from

surface to surface .in the

bioclean room.
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70.3 NON-LAMINAR FLOW BIO-

CLEAN ROOM

70.3.1

70.3 .Z

70.3.3

Traffic control. Strict con-

trol over personnel ingress

and egress into the bioclean

area should be exercised.

Access should be limited to

only those persons necess-

sary for operations within

the area. Shoes should be

cleaned, covered, or changed

before entering the area.

Custodial services. Main-

tenance and janitorial opera-

tions should be restricted

during normal bioclean room

operations to avoid airborne

particle generation and
should consist of a properly

s up e r vi s e d, regularly
scheduled program. Where

energency or routine con-
tamination producing ope ra-

tions are to be performed,
normal work should be dis-

continued, the equipment and

parts covered in a protec-

tive manner, and the room

cleaned.

Particle control operations.

Use of compressed air or

other high velocity gases for

blow off or cleaning opera-

tions, except under exhaust

hoods capable of carrying
residue to exterior of bio-

clean room, should be

avoided. The use of airborne

particle controlled hoods or

work stations are recom-

mended where feasible.

These hoods will provide a

high degree of cleanliness at

reasonable costs. Usually

such hoods are satisfactory

for small parts not requiring

large tooling fixtures, and in

some cases these hoods can

be adapted to large tools or

to continuous assembly line

70.4

70.4.1

70.4.2

70.4.3

h

type operations. (See Fig-

ure 8: )

LAMINAR FLOW BIOCLEAN

DEVICES

Bioclean work station. Care

should be taken to locate

work stations in an area

where no opposing air cur-

rents could carry dust into

the work station. Work sta-

tion blowers should be

started at least 15 minutes

prior to use and filtration

_checks made in accordance

with procedures outlined in

Section 30. Fixtures, pro-

tective filter grille, and work

bench surface shouldbe

cleaned before use (vacuum

and wipe). Obstruction to the

airflow should be kept to a

minimum in the work station,

particularly upstream from
the critical work.

Ceiling-to-floor and wall-
to-floor bioclean room. The

bioclean room b i o w e r s

should be started at least 15

minutes prior to use of the

room and checks should be

made for proper filtration of

incoming air in accordance

with procedures outlined in

Section 30.

Cross flow bioclean room

(horizontal laminar flow).
The bioclean room blowers

should be started at least

15 minutes prior to use of

the room and checks made

for proper operation of fil-

ters in accordance with pro-

cedures outlined in Section

30. Obstructions to the air-

flow should be kept to a mini-

mum, particularly upstream

from critical work, and ar-

rangement of furnishings
within the room should be

made to allow as free an

23
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70.5

70.5.1

airflow across the room as

is possible. Operations

should be graded according

to r e qu i r e d cleanliness

levels for critical work.

Most critical operations

should be nearest the in-

fluent filter wall.

MICROBIAL BARRIER SYS-

TEM

Decontamination. All steps

to be conducted within the

assembly chamber should

be planned thoroughly so

that all necessarytools, sol-

vents, writing materials, and

equipment are present in
the chamber when decontam-

ination operations start° A

suspension system for com-

ponents awaiting assembly
in the chamber should be

provided to assure contact

between the component sur-

face and the decontaminant.

Special fixtures and tools

for reaching, transferring,

and holding assembled items

should be provided within

the chamber, should occupy

little space, and be easy to
decontaminate.

70.5 .Z Purging. The assembly

chamber atmosphere should

be purged with an inert gas

after operations involving

high temperatures, such as

dip soldering to remove me-

tal vapors. A daily purge is

also desirable after com-

pletion of operations to re-

move any generated vapors

which may produce a residue

on the production items dur-

ing residence in the cham-

ber.

70°5.3 Environmental control. An

electronic humidity-indicat-

ing system should be used

24

80.
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80.2
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rather than a device which

introduces water vapor into

the closed atmosphere. A

gas circulation ,system

should be provided within the

assembly chamber to assure

even distribution of humidity

and temperature through-

out the chamber. A small

vacuum cleaner should be

included in the inventory of

tools for frequent use in

maintaining particulate

cleanliness of the chamber.

Provision should be made to

maintain the chamber at a

minimum of 0.05 inch equiv-

alent water pressure with a

relief system for maximum

pressure of Z inches.

GUIDE LINES FOR ACHIEVING
VARIOUS BlOC LEAN ROOM

C LASSES

GENERAL. There are a num=

bet of different approaches

that a bioclean room designer

or user may take to achieve

a particular bioclean room
cleanliness classification.

Table III illustrates the class

that normally may be achieved

using the different approaches.

EXISTING FACILITIES. Ex-

isting bioclean facilities may

be available and may be used

if they achieve the cleanliness

classification requirements
described in Table III.

UPGRADING EXISTING FA-

CILITIES. Existing conven-
tional facilities which do not

achieve the desired cleanliness

classificat.ion may be effec-

tively upgraded by replacing

existing work benches with

laminar flow work stations or

by placing filter bank modules

......__i-_ _?_ _i i_ -
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in the room to recirculate

large quantities of the room
air.

80.4 NEW CONSTRUCTION. New

construction may be required

if no bioclean facilities exist

or are available, upgrading

existing facilities is undesire-

able or more costly than new

facilities, or additional bio-

clean room space is required.

In new construction, the lami-

nar a i r fl o w principle 6r

microbial barrier s y s t e m

should be considered, for

which several options are

available (see Table III).
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Class

I00

(3.5)

Class

IO, OOO

(350)

Class

IOO,OOO

(35OO)

Use Existing

Facilities

Non-lamlnar and laminar flow

roams, tunnel, downflcw units,

and microbial barrier syste_as.

I° All laminar flow grating floor

rocks, bloclean work stations,

downflow units, and microbial

barrier systems.

2. First work locations in cross

flow rooms and tunnel units will

meet requirements.

i. SGme non-lamlnar flow rooms

and bioclean work stations may

meet requirements.

2. Mbet areas in laminar cross

flow rooms and turLnel units

should meet requirements.

3o All laminar flow grating floor

roo_sz laminar flow bioclean work

stations, downflow units, and

microbial barrier systems will

meet requirements.

I. Most non-lamlnar flow rooms

and biocleanwork stations will

meet requirements.

2. All laminar flow roams, bio-

clean work stations, tunnel,

downflow units, and microbial

barrier systems will meet re-

quirements.

NOTES:

rliiiri!!ilii !!i!̧pii i i iiii

TABLE III. GUIDELINES FOR ACHIEVING BIOCLEAN ROCk CLEANLINESS CLASSES

Upgrade Existing

Facilities

Using laminar flow bioclean work

stations, %unnels_ dcwnflow units,

and microbial barrier systems.

i. Area within bioclean work sta-

tions o

2. First work locations in tunnel

units.

3. Area inside downflow units.

4. Area inside microbial harrier

system will meet requirements.

i. Non-laminar flow rooms with

laminar flow bioclean work sta-

tions, tunnel, downflow units,

and microbial barrier systems

may meet requirements.

2. Most areas inside tunnel units

should meet requirements.

3. Area inside bioclean work

stations, downflow units, and

microbial harrier systems will

meet requirements°

io Poor quality non-laminar flow

rooms with laminar flow bioclean

work stations, tunnel, downflow

units, and microbial barrier

systems may meet requirements

departing upon ratio of recir-

culsted filtered air to room

volume.

2. Area inside bioclean work sta-

tlons, tunnel, downflow units 3

and microbial barrier systems

will meet requirements.

Laminar flow bioclean

work staticms_ ttmnel,

down/low units, and

microbial barrier sys-

tems used in uncon-

trolled areas.

i° Area within bio-

clean work statioasl

downflow u_ts,

microbial barrier sys-

tems will meet re-

quirements.

2. First work loca-

tions in tumnel units

will meet require-

ments°

i. Area inside clean

work stations, dowa-

flow units, and micro-
bial barrier systems

will meet require-

ments

2. Most areas inside

tunnel units should

meet requirements.

Area inside bioclean

work stations, tunnel

downflowunits, and

microbial barrier sys-

tems will meet re-

quirements.

New Construction

Laminar flow bloclean

workstations, tunnel,

downflow units, and

microbial barrier sys-

tems used in con-

trolled areas.

i. Area within bio-

clean work stations,

dcwnflow units, and

microbial barrier sys-

temmswill meet re-

quirements.

L General area may

meet requirements

depending upon ratio

of reclrculated fil-

tered air to volume of

area.

2. Most areas inside

tunnel units should

meet requirements.

I. General area will

normally meet require-

ments depending upon
rate of recirculated

filtered air to volume

of controlled area.

2. Area inside bio-

clean work stations,

tunnel, downflowunits,

and microbial barrier

systems will meet

requirements.

L_r cross

flow type rooms.

First work loca-

tiona will meet

requirements.

Most areas in

rocm shonldmeet

requirements.

All areas in

rocm will nor-

mallymeet re-

qulrements.

Laminar flow

grating floor

type rooms.

Entire roumwork

area will nor-

mallymeet ro-

quiraments.

Entire ro_awork

will normally

meet require-

ments.

Entire rocm work

area will nor-

really meet re-

quirements.

Germ-free envi-

ror_ental room.

Entire roam work

area will meet

requirements.

Entire room work

area will meet

requirements.

_tire room work

area will meet

requirements.

i. Laminar flow work stations include bioclean roam benches and bioclean air exhaust hoods_ Figures 7 and 8.

2. Tunnel units indicate laminar cross flow facilities, open on one end _o exhaust into surrounding area, Figure 4.

3. Downflow units indicate vertical flow curtained modules, Figure 5.

4. Microbial barrier systems indicate absolute containment enclosure, Figure 9.

5. Germ-free environmental room indicates s sterile roam in which the operations are performed remotely or with the personnel contained in an externally ventilated

barrier suit. Figures i0 and ii.
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Figure l.--Wall-to-floor air flow
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